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A B S T R A C T
Conodonts recovered from the Devendeus Formation at the Angosto de La Quesera locality (Cordillera Oriental 
of Salta) in northwestern Argentina include Nogamiconus sp., Problematoconites perforatus, Drepanoistodus sp., 
Oneotodus sp., Scolopodus filosus, Teridontus nakamurai and Variabiloconus sp., as a part of an association that 
defines a pre-Paltodus deltifer Zone. The material most likely represents the Cordylodus angulatus and/or the 
lower part of the Rossodus manitouensis Zone. These microfossils support the dating of the Devendeus Formation 
as Tremadocian (Early Ordovician).
FIGURES CAPTIONS
FIGURE 1  Location map of the Angosto de La Quesera in the Cordillera Oriental of Salta province (modified from Hongn et al., 2001b and 
Aceñolaza et al., 2003).
FIGURE 2  Stratigraphic relations of the lithological units at the Angosto de La Quesera locality, Cordillera Oriental of Salta province, NW 
Argentina.
FIGURE 3  Stratigraphic section of the Devendeus Formation cropping out on the Eastern flank of La Quesera Creek (Salta province), indicating 
horizons of conodont samples (AQ1 through AQ5). Conodonts were recovered from clasts included in the Lower Member of the Devendeus 
Formation (AQ3 and AQ4), while matrix samples resulted barren.
FIGURE 4  A-J) Conodonts of the Devendeus Formation at the Angosto de La Quesera locality, Salta province. A) Nogamiconus sp. - upper view 
(dorsal), CML-C 1000 (1). B) Problematoconites perforatus Müller, 1959 - external lateral view, CML-C 1001 (1). C) Drepanoistodus sp. - inner 
lateral view, CML-C 1002 (1). D) Drepanoistodus sp. outer lateral view, CML-C 1002 (2). E) Oneotodus sp. - inner lateral view, 1003 (1). F) 
Oneotodus sp. - posterior view, CML-C 1003 (2). G) Teridontus nakamurai Nogami, 1967 - lateral view, CML-C 1005 (1). H-I) Teridontus nakamurai 
cf. T. obesus Ji and Barnes, 1994 - outer lateral views, CML-C 1006 (1-2). J) Variabiloconus sp. - inner lateral view, CML-C 1007 (1).
FIGURE 5  Biostratigraphic correlation chart of the Lower Ordovician of Northwestern Argentina Based on conodont and graptolite zonations.
Figure 6. Ecuatorial view of the distribution of conodonts of the Cordylodus angulatus Zone (lower Tremadocian). Plates; GW: Gondwana; Ba: 
Baltica; La: Laurentia, Kz: Kazakhstan; Sb: Siberia; NC: North China; SC: South China; ST: Shan-Thai; HI: Hainan-Indo-China; Au: Australia; IN: 
India; Ta: Tarim; In: India (Modified from Scotese and McKerrow, 1990).
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INTRODUCTION
The Angosto de La Quesera is a typical locality in the 
geological studies of the Argentine Cordillera Oriental 
of northwest Argentina (Keidel, 1943; Kilmurray and 
Igarzábal, 1971; Ramos, 1973). The sequence that crops 
out in this area is represented by an impressive coarse 
conglomeratic unit, unique in the Lower Paleozoic Central 
Andean Basin of South America. Research in the area has 
resulted in numerous observations and interpretations 
focused mainly on stratigraphic and genetic aspects of 
the unit (Keidel, 1943; Moya, 1988, 1999; Hongn et al., 
2001a, b).
This peculiar conglomeratic sequence has been 
defined as the Devendeus Formation by Astini (2005), 
and its geological interest was renewed through recent 
investigations that have focused on the several aspects of 
relevance, such as the chronostratigraphy and the fossils of 
the Cambro-Ordovican sequences in NW Argentina (Moya 
et al., 2003; Aceñolaza et al., 2003; Hongn et al., 2003; 
Astini, 2005).
In this sense, the finding of several faunal elements as 
conodonts and graptolites clarified the chronostratigraphic 
positioning of the Devendeus Formation, allowing a better 
understanding of the temporal evolution, and the regional 
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bio- and lithostratigraphic scheme (Moya, 1988; Moya et 
al., 1994, 2003; Aceñolaza, 1997; Leme et al., 2003; Ortega 
and Albanesi, 2005; Beresi et al., 2006).
This contribution extends the paleontological 
information related to the Devendeus Formation (Angosto 
de La Quesera conglomerate), providing additional 
elements to define its chronostratigraphical framework. 
The analyzed conodont association of the Devendeus 
Formation was recovered from the conglomerate clasts 
constraining its age up to the Cordylodus angulatus or 
pre-Paltodus deltifer Zones (early Tremadocian) thus 
supporting the age pointed out by Aceñolaza et al. (2003). 
No conodonts were recovered from matrix. In addition, the 
overlying graptolite fauna places a minimum age of Lower 
Tremadocian for the analyzed unit (Moya, 1988; Moya et 
al., 1994).
STRATIGRAPHY
The Angosto de La Quesera locality is situated in the 
upper part of the Quebrada del Toro in the western sector of 
the Cordillera Oriental of Salta Province (Fig. 1).
The Devendeus Formation has been interpreted as an 
incised valley depositional system on a shallow marginal 
marine platform (Aceñolaza et al., 2003). Given the 
particular genetic nature of the unit, it is stratigraphically 
limited by other Paleozoic units that crop out in the area. At 
the investigated locality, the base of the unit is an erosive 
surface developed on the Padrioc Formation, and underlies 
the sandstones and shales of the Saladillo Formation 
(Aceñolaza, 2005) (Fig. 2).
The sandstones underlying the Devendeus Formation 
conglomerate belong to the Padrioc Formation, and 
the previous assignment to the Cardonal Formation is 
discarded. In the northwest sector of the area, the Padrioc 
Formation is overlaid by the highly fossiliferous Lampazar 
Formation, with the well-developed biozone of Parabolina 
(N.) frequens argentina (uppermost Cambrian) (Pinilla 
et al., 2007, 2008; Simoes and Aceñolaza, 2009). The 
Lampazar Formation is stratigraphically followed by a 
scarcely developed outcrop that could be partially related 
to the Cardonal Formation, and both units are overlain by 
the conglomerates representing the base of the Ordovician 
Devendeus Formation (Aceñolaza, 2005).
The assignment to Mesón Group of the sandstones 
below the conglomerates in Aceñolaza et al. (2003), and 
to the Mesón Grupo s.l. in Leme et al. (2003) was carried 
out following the classical stratigraphical schemes for 
this area. These schemes were replaced after a detailed 
stratigraphic characterization of the rocks which, together 
with the finding of additional fossil associations, helped on 
the identification and differentiation of units. In addition, 
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Location map of the Angosto de La Quesera in the Cordillera 
Oriental of Salta province (modified from Hongn et al., 2001b and 
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the lack of faunas that support an assignment of sandstones 
located below the Devendeus Formation to the Cardonal 
Formation is particularly remarkable. Local bio and 
chronostratigraphic information that considers lithology, 
stratigraphy, ichnology, and faunas, does not contribute to 
a clear differentiation between the Padrioc and Cardonal 
formations in the area.
The conglomerates of the Devendeus Formation have 
been divided into two members separated by a hiatus with 
evidence of reworking on the upper surface of the lower 
member (Aceñolaza et al., 2003). The lower member of 
the unit displays a strong conglomeratic character with 
two depositional sequences, with features suggesting 
some glacigenic related origin (striated clasts). The upper 
member of the Devendeus Formation is composed of 
fine sandstones that alternate with medium and coarse 
sandstones, the latter ones interpreted herein as turbidites. 
The sequence displays a coarsening and thickening upward 
arrangement, denoting an increase in the average energy 
(Aceñolaza et al., 2003) (Fig. 3).
PALEONTOLOGIC CONTENT
The Devendeus Formation records conodonts, 
trilobites, brachiopods, echinoderms, conularids, and 
trace fossils, which have been described and mentioned in 
several papers since 2003 (Aceñolaza et al., 2003; Leme 
et al., 2003; Moya et al., 2003; Aceñolaza, 2005). In this 
sense, the mix of Kainella meridionalis, Parabolina (N.) 
frequens argentina (Trilobita), unidentified brachiopods 
and echinodem stems shall be highligted, with the presence 
of the South American oldest conularid Teresconularia 
argentinensis (Leme et al., 2003). This last occurrence 
has expanded the conulata fossil record to the Ordovician; 
previous records of the group were for Devonian marine 
strata in the central Andean area (e.g. Bolivia, Babcock 
et al., 1987), the Brazilian cratonic basins (e.g. Paraná 
Basin, Simoes et al., 2000, with references) and Uruguay 
(Méndez-Alzola and Sprechmann, 1973).
Conodonts
The clasts of the lower conglomeratic sequence 
of the Devendeus Formation yielded the conodonts 
Problematoconites perforatus (Müller), Oneotodus sp., 
Teridontus nakamurai (Nogami) and Scolopodus sp., 
while the examined pebbles from the upper part of the unit 
records Nogamiconus sp., Teridontus nakamurai (Nogami), 
Scolopodus sp., Scolopodus filosus Ethington and Clark, 
Variabiloconus sp. and Drepanoistodus sp. This association 
of conodonts was preliminary mentioned by Aceñolaza et al. 
(2003) as suggesting a time span ranging within the Lower 
Ordovician, within the Cordylodus angulatus-Rossodus 
manitouensis Zone. Moya et al. (2003) and Ortega and 
Albanesi (2005) mentioned Variabiloconus variabilis, 
Teridontus nakamurai and Drepanoistodus chucaleznensis 
from the conglomerate matrix and tentatively assigned the 
association to the Paltodus deltifer Zone.
The succession overlying the Devendeus Formation is 
composed of sandstones and shales assigned to the Saladillo 
Formation, which exhibits a graptolite fauna indicative of 
the Bryograptus kjerulfi Zone, suggesting that these levels 
do not extend over the late lower Tremadocian. Moya et al. 
(1994) were the first to present a biostratigraphical scheme 
for the area, with a graptolite association represented by 
B. kjerulfi, Staurograptus (Radiograptus) flexibilis at levels 
placed above Adelogratus sp. cf. A. tenellus, and trilobite 
coquinas with Kainella meridionalis (Moya et al., 2003).
After the conodont study the age of the Devendeus 
Formation is restricted to the lower Tremadocian, recording 
a peculiar event in the Cambrian/Ordovician sequences 
of northern Argentina and the South American Central 
Andean Basin.
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Stratigraphic section of the Devendeus Formation cropping 
out on the Eastern flank of La Quesera Creek (Salta province), indicating 
horizons of conodont samples (AQ1 through AQ5). Conodonts were 
recovered from clasts included in the Lower Member of the Devendeus 
Formation (AQ3 and AQ4), while matrix samples resulted barren.
FIGURE 3
J .  C A R L O R O S I  e t  a l .
G e o l o g i c a  A c t a ,  9 ( 2 ) ,  1 8 7 - 1 9 7 ( 2 0 1 1 )
D O I :  1 0 . 1 3 4 4 / 1 0 5 . 0 0 0 0 0 1 6 9 1
Lower Ordovician Conodonts from the Devendeus Formation
190
MATERIALS AND METHODS
The samples collected in the conglomeratic member of 
the Devendeus Formation of the Angosto de La Quesera 
were processed in the laboratory using conventional 
methods with acetic acid (Jeppson et al., 1985; Stone, 
1987). Only two of five samples proved to be productive of 
conodonts (AQ3: 475g; AQ4: 290g). The barren samples: 
AQ1 (340g), AQ2 (460g), AQ5 (420g).
The conodont elements are partially fragmented, with 
a fair preservation. Their color corresponds to 1.5-2 of the 
CAI (Color Alteration Index of Epstein et al., 1977), which 
represents some 60º-80º of burial temperature. 
The fossils recovered are displayed in the 
photomicrographs on Figure 4, taken by scanning electronic 
microscopy in the Laboratory of Electronic Microscopy of 
Northwestern Argentina (NOA) (LAMENOA-Tucumán). 
All the material studied is housed in the Microvertebrate 
Collection Lillo-Conodonts of the Facultad de Ciencias 
Naturales and Miguel Lillo Institiute under the prefix 
CML–C.
TAXONOMY
This paper presents for the first time the taxonomical 
analysis of the conodont fauna of the Devendeus Formation. 
Paraconodonts and euconodonts were recovered together 
from the unit, and the analysis is given following the 
classical terminology for each group. Guidelines and 
nomenclature of Müller and Hinz (1991) and Heredia 
(1994, 1999) were used for paraconodonts, and Robison 
(1981) was followed for euconodont nomenclature.
Class: Conodonta PANDEr, 1856
Order: Paraconodontida MüLLER, 1962
GENuS Nogamiconus MILLER, 1980
Nogamiconus sp.
Figure 4 (A)
Synonymy:
1991     Nogamiconus sp., Müller and Hinz, p. 31, fig. 11B, 
pl. 21, 7, 8, 10. 
Description. Small-size elements, represented by a 
laterally extended simple asymmetric cone. On its upper 
extreme it presents a well-marked crest that decreases 
in height both anteriorly and posteriorly and ends in a 
keel. Denticles are developed mainly on the crest from 
the anterior extreme to its medial zone. On its flanks the 
surface is delineated by weak ribs converging to the crest. 
The basal cavity is extremely deep and occupies nearly the 
whole element length. The flanks show very small holes 
similar to those described for Problematoconites.
Remarks. This conspicuous element is described by 
Müller and Hinz (1991) and may represent a transitional 
series between Nogamiconus sinensis (Nogami, 1966) 
and N. falcifer (Müller and Hinz, 1991). It is a scarcely-
encountered genus in the paraconodont collections of the 
upper Cambrian, and this finding represents its first record 
in South American tremadocian deposits.
Distribution. Central and Southern Sweden (Müller 
and Hinz, 1991), and northern Argentina. Ocurrence: 
Late Cambrian and, due to the present record early Early 
Ordovician.
Studied Material: AQ4-1 element.
repository. CML-C 1000 (1).
GENuS Problematoconites MüLLER, 1959
Type Species: Problematoconites perforata MüLLER, 1959.
Problematoconites perforatus MüLLER, 1959
Figure 4 (B)
Synonymy:
1959    Problematoconites perforata n. sp., Müller, p. 417.
1983   Problematoconites perforata, Müller, An et al., p. 
123-124, pl. III. fig. 6.
1991  Problematoconites perforatus, Müller, Müller and 
Hinz, p. 36-37, pl. 23: 1-10, 14, 15, 18-20, 22. With 
complete synomymy up to 1986.
1999   Problematoconites perforatus, Müller, Heredia, p. 
353, figs. 6 H-J.
Description. simple asymmetric robust cone; proclined 
to erect cusp with a circular section. The basal cavity is 
wide, deep and large, showing thin walls with perforations 
of variable size and arrangement; which are a diagnostic 
characteristic of the genus. Due to the poorly-preserved 
material it is impossible to distinguish any ornamentation 
on its outer surface, while in its inner wall it is possible to 
do so (Fig. 4B).
Distribution. United States of America (Müller, 1971), 
Australia (Druce and Jones, 1971), in China (An et al., 
1983), Iran (Müller, 1973) and Argentina (Heredia, 1999).
Ocurrence. Late Cambrian-Early Ordovician. Procono-
dontus and Cordylodus Zones.
Studied Material: AQ3-1 element.
repository. CML-C 1001 (1).
Order: Protopanderodontida SWEET, 1988
Family: Distacodontidae BASSLER, 1925
GENuS Drepanoistodus LINDSTröM, 1971
Type species: Oistodus forceps LINDSTröM, 1955.
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Drepanoistodus sp.
Figure 4 (C-D)
Description. The genus Drepanoistodus exhibits a 
multielement apparatus composed of five morphological 
types (Dzik, 1994). The elements described here are 
drepanodiform elements or Sb elements. The element 
studied (Fig. 4C) presents a recurved cusp and its base is 
subrounded, the latter being more robust than the cusp. 
The element is marked by conspicuous keels both on its 
anterior and its posterior edges.The element figured as 
D in the same figure is smaller, its cups is proclined and 
its basal cavity is broken. The outer surface is marked by 
conspicuous ribs both on its anterior and posterior edges.
Distribution. Angosto de La Quesera, Devendeus 
Formation.
Ocurrence. Ordovician.
Studied material. AQ4-2 elements.
repository. CML-C 1002 (1-2).
Family: Protopanderodontidae LINDSTröM, 1970
GENuS Oneotodus LINDSTröM, 1955
Type species: Distacodus? simplex FurNISH, 1938.
Oneotodus sp.
Figure 4 (E-F)
Description. Simple cone with a robust appearance 
with variable morphological types, the cusp being erect 
to reclined. The basal openning is wide with a circular to 
subcircular section, its basal cavity being deep. The surface 
of the elements is cut through by weak ribs.
Distribution. Angosto de La Quesera, Devendeus 
Formation.
Ocurrence: Late Cambrian-Ordovician.
Studied material. AQ3-2 elements.
repository. CML-C 1003 (1-2).
GENuS Scolopodus PANDEr, 1856 
Type Species: Scolopodus filosus ETHINGTON and CLARK, 
1964.
Scolopodus filosus Ethington and Clark, 1964
Synonymy:
1981       Scolopodus filosus, Ethington and Clark, Ethington 
and Clark, p. 100, pl. 11, fig. 22.
1982      Scolopodus filosus, Ethington and Clark, Repetski, 
p. 47, pl. 22, fig. 2.
1995     Scolopodus filosus, Ethington and Clark, Heredia, 
p. 341, illustration 1, fig. 11 and illustration 2, fig. 10.
Description. Simple symmetrical conodont. The cusp is 
erect, with oval cross section; the base is narrow, not very 
deep, with a rounded cross-section. The entire element 
surface is marked by thin ribs, a distinctive feature of this 
species.
Distribution. It has been found in the United States of 
America (Ethington and Clark, 1981; Repetski, 1982) and 
in the Mendoza Precordillera, Argentina (Heredia, 1995), 
elements from New Zealand being doubtfully assigned to 
this genus (Cooper and Druce, 1975).
Ocurrence. Early Ordovician.
Studied material. AQ4-1 element.
repository. CML-C 1004 (1).
GENuS Teridontus MILLER, 1980
Type species: Oneotodus nakamurai NOGAMI, 1967.
Teridontus nakamurai (Nogami, 1967)
Figure 4 (G-I)
Synonymy
1982     Teridontus nakamurai, Nogami, An, p. 149-150, 
pl. 14, figs. 1-11, pl. 15, fig. 11. With the same synonymy 
up to 1980.
1983     Teridontus nakamurai, Nogami, An et al., p. 156-
157, pl. 6, figs. 1-6.
1982     Teridontus nakamurai, Nogami, Fortey, et al., pl. 
9, fig. N, Q and r.
1985     Teridontus nakamurai, Nogami, Nowlan, p. 116, 
pl. 5, figs. 26-32.
1987     Teridontus nakamurai, Nogami, Bagnoli et al., p. 
156, pl. 2, fig. 15-16.
1987     Teridontus nakamurai, Nogami, Lee, p. 106-107, 
pl. 10, figs. 1-3, 5-12, text.-figs. 10. 1-3, 5-9.
1995   Teridontus nakamurai, Nogami, Heredia and 
Hünicken, p. 230, illustration 1, fig. 7.
2005 Teridontus nakamurai, s., l. Nogami, Zeballos, et al., 
p. 61, pl.3, fig. A-E. 
2008.    Teridontus gallicus n. sp., Serpagli et al., p.614-
618, pl.3, fig. 1-15, pl. 4, fig. 1-15, pl.5, fig. 1-15.
Description. The cusp is long and reclined to recurved 
with a rounded acute angle between the cusp and the base 
with a variable degree. The basal cavity is broad and 
moderately deep, and the base has a rounded cross-secction. 
The whole surface is covered with fine striations.
Remarks. Conodonts in Figure 4, H and I, might be 
defined according to Ji and Barnes’s criteria (1994) as 
Teridontus obesus, since their dimensions are much larger 
than the conodont element figured as G (Fig. 4); also, 
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A-J) Conodonts of the Devendeus Formation at the Angosto de La Quesera locality, Salta province. A) Nogamiconus sp. - upper view (dorsal), 
CML-C 1000 (1). B) Problematoconites perforatus Müller, 1959 - external lateral view, CML-C 1001 (1). C) Drepanoistodus sp. - inner lateral view, 
CML-C 1002 (1). D) Drepanoistodus sp. outer lateral view, CML-C 1002 (2). E) Oneotodus sp. - inner lateral view, 1003 (1). F) Oneotodus sp. - posterior 
view, CML-C 1003 (2). G) Teridontus nakamurai Nogami, 1967 - lateral view, CML-C 1005 (1). H-I) Teridontus nakamurai cf. T. obesus Ji and Barnes, 
1994 - outer lateral views, CML-C 1006 (1-2). J) Variabiloconus sp. - inner lateral view, CML-C 1007 (1). Scale: 0.1mm.
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their bases are more extended (following to Zeballos 
et al., 2005 a, b). In agreement to the amendment of the 
Genus Teridontus carried out for Serpagli et al. (2008) the 
conodont figured as G (Fig. 4) might be considered like T. 
gallicus corresponding to a Sb element.
Distribution. North America (Miller, 1980), Iran (Müller, 
1973), Russia (Abainova and Markov, 1977), Korea (Lee, 
1975), China (An, 1982), France (Serpagli et al., 2008), 
Argentina (Heredia and Hünicken, 1995; Zeballos et al., 
2005 a, b) and Australia (Druce and Jones, 1971).
Remarks. This is a typical species of the Cordylodus 
proavus Zone (Miller, 1980); however, there are records 
of its presence in pre-C. proavus Zone strata in the late 
Franconian–early Trempealeuan from Texas (United States 
of America) (Miller, 1980), in China (An, 1982) and Korea 
(Lee, 1987).
In Argentina, it has been mentioned in Famatina 
(Albanesi et al., 1999), Precordillera (Heredia and Hünicken, 
1995) and Cordillera Oriental (rao et al., 1994).
Ocurrence. Late Cambrian-Ordovician, but not 
extending to the Late Tremadocian according to Nicoll 
(1994).
Studied material. AQ3-AQ4-3 elements.
repository. CML-C 1005 (1), 1006 (1-2).
GENuS Variabiloconus LANDING, BArNES and 
STEvENS, 1986
Type species: Paltodus bassleri FurNISH, 1938.
Variabiloconus sp.
Figure 4 (J) 
Description. Simple conodont with a long, sharp, 
reclined cusp with circular section. Base short and wide, 
with deep basal cavity. In the join between the cusp and the 
base a well-marked rib is localized. Landing et al. (1986) 
described the genus Variabiloconus as characterized by a 
multielement apparatus composed of several ribbed, sulcate 
and microstriated elements exhibiting intergradational 
symmetries.
Remarks. The diagnosis of this element assigns this 
association an early Tremadocian age.
Distribution. Angosto de La Quesera, Devendeus 
Formation.
Ocurrence. Early Ordovician (Tremadocian).
Studied material. AQ4-1 element.
repository: CML-C 1007 (1).
BIOSTRATIGRAPHIC AND PALEOBIOGEOGRAPHIC 
IMPLICATIONS
The Cordylodus angulatus Zone defines the upper part 
of the Lower Tremadocian (Fig. 5) which has a world 
wide distributed record. This conodont fauna is present in 
Baltica (Müller and Hinz, 1991), Newfoundland (Bagnoli 
et al., 1987; Barnes, 1988; Ji and Barnes, 1994), in the 
northwestern Canadian basins (Landing et al., 1980; Pyle 
and Barnes, 2002), Mexico (robison and Pantoja-Alor, 
1968), united States (Furnish, 1938; Orndorff, 1988; 
Orndorff et al., 1988; Harris et al., 1995), russia (Pander, 
1856), Sweden (Lindstöm, 1955, 1971; van Wamel, 1974; 
Löfgren, 1996), Kazakhstan (Dubinina, 1991, 2000), 
Australia (Druce and Jones, 1971; Jones, 1971; Nicoll, 
1990), and China (Chen and Gong, 1986; An, 1987; Chen 
et al., 1988)(Fig. 6).
The C. angulatus Zone has been recognized in several 
localities of the Eastern Cordillera (Suárez Riglos et al., 
1982; rao and Hünicken, 1995a, b; rao, 1999; Moya and 
Albanesi, 2000; Moya et al., 2003; Zeballo et al., 2005a, b; 
among others). 
Zhen and Percival (2003) considered to this part 
of Gondwana as a Temperate Domain (Shallow-sea 
Realm) with a moderate diversities of conodont faunas. 
Usually, the Early Tremadocian conodont faunas of the 
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Eastern Cordillera lack of paraconodonts in association 
with euconodonts but in the present samples there are 
paraconodonts and euconodonts as they are present in 
the North Atlantic realm, e.g. Baltica (Müller and Hinz, 
1991).
FINAL CONSIDERATIONS
The Conodonts recovered from the Devendeus 
Formation, along with the autochthonous graptofauna 
of the overlying Saladillo Formation, support an early 
Tremadocian age for the first unit.
The general stratigraphic relations in the area and 
the evident presence of the Lampazar Formation in the 
northwest sector of this locality (with the development 
of the Parabolina (N) frequens argentina Biozone 
ratifies the assignment of the sandy unit underlying the 
conglomerate to the Padrioc Formation (Pinilla et al., 
2008).
The particular genetic signatures of the Devendeus 
Formation cropping out at the Angosto de La Quesera 
highlights this locality as an outstanding area due to the 
genetic geological processes involved.
The presence of graptolites of the Bryograptus kjerulfi 
biozone (Moya et al., 1994; Aceñolaza, 1997) in the lower 
part of the overlying Saladillo Formation suggests that 
these levels do not extend over the late lower Tremadocian; 
in terms of the conodont zonations, this corresponds to 
the Cordylodus angulatus/Rossodus manitouensis zones. 
Deposition of the Devendeus Formation, therefore, is 
restricted to an interval prior to Paltodus deltifer Zone. 
The age of productive clasts as well as the matrix holding 
them is inferred to be restricted to the Lower Tremadocian, 
discarding a late Tremadocian age for the conglomerate 
matrix. 
ACKNOWLEDGMENTS   
We thank M.F. Tortello and J.P. Milana for their worthy 
discussions carried out throughout our field tasks. This paper 
benefited from the insightful reviews done by J. Repetsky and 
anonymous referee, who are greatly aknowledge. E. Gómez-
Hasselrot and D. Ruiz Holgado kindly helped with figures. This 
contribution was supported by PIP CONICET 114-200901 00125 
(Argentina) and CGL2009–09583 (Spain).
REFERENCES   
Abainova, G., Markov, Y.P., 1977. Pervye nakhdki konodontov 
nizhneordovikskoy zony Cordylodus proavus na yuge 
Sibirskoj Platformy. In: Sokolov, B.S., Kanygin, A.V. 
(eds.). Problems of Ordovician and Silurian stratigraphy 
of Siberia. Akademiya Nauka uSSr, Novosibirk, 
372(Bulletin), 86-94.
Aceñolaza, G.F., 1997. Rhabdinopora (Graptolithina) en 
las cuencas Eopaleozoicas del margen gondwánico 
Suda-mericano. In: Grandal D’Anglade, A., Gutierrez-
Marco, J.C., Santos Fidalgo, L. (eds.). V Meeting of 
the International Geological Correlation Programme 
351 (IGCP). La Coruña, universidad da Coruña, 1, 49-
51.
Aceñolaza, G.F., 2005. Spirodesmos milanai n isp. A shallow-
water spiral trace fossil from the Cambrian of the Eastern 
Cordillera, Northwest Argentina. Ichnos, 12(1), 59-63.
Aceñolaza, G.F., Milana, J.P., Heredia, S., Simoes, M., 2003. 
Stratigraphical and Biostratigraphical framework of the 
Angosto de La Quesera conglomerate complex (Cordillera 
Oriental of Salta): An incised valley system in the 
Tremadocian of NW Argentina. In: Albanesi, G.L., Beresi, 
M., Peralta, S. (eds.). Ordovician from the Andes. Instituto 
Superior de Correlación Geológica, Serie Correlación 
Geológica, 17, 365-370.
Albanesi, G.L., Esteban, S.B., Barnes, C.R.1999. Conodontes 
del intervalo del limite Cámbrico Ordovícico en la 
Formación Volcancito, Sistema de Famatina, Argentina. 
Temas Geologicos Mineros, Instituto Geológico y Minero 
de España (ITGE), 26, 521-526.
An, T.X., 1987. The Lower Paleozoic conodonts of South 
China. Beijing, University Publication House, 238pp. 
An, T.X., 1982. Study on the Cambrian Conodonts from North 
and Northeast China. Institute Geosciences, university of 
Tsukuba, Japan, Science report, Serie 3, 113-159.
An, T.X., Zhang, F., Xiang, W., Zhang, Y., Xu, W., Zhang, 
H., Jiang, D., Yang, C., Lin, L., Cui, Z., Yang, X., 1983. 
The Conodonts of North China and the adjacent regions. 
Beijing, Science Press, 223pp.
Au
NC
ST
Ta
SC
HI
In
GW
Kz
Sb
Ba
La
GW
*
*
*
*
*
*
*
*
*
*
*
**
*
*
*
Ecuatorial view of the distribution of conodonts of the 
Cordylodus angulatus Zone (lower Tremadocian). Plates; GW: Gondwana; 
Ba: Baltica; La: Laurentia, Kz: Kazakhstan; Sb: Siberia; NC: North China; 
SC: South China; ST: Shan-Thai; HI: Hainan-Indo-China; Au: Australia; 
IN: India; Ta: Tarim; In: India (Modified from Scotese and McKerrow, 
1990).
FIGURE 6
G e o l o g i c a  A c t a ,  9 ( 2 ) ,  1 8 7 - 1 9 7 ( 2 0 1 1 )
D O I :  1 0 . 1 3 4 4 / 1 0 5 . 0 0 0 0 0 1 6 9 1
J .  C A R L O R O S I  e t  a l . Lower Ordovician Conodonts from the Devendeus Formation
195
Astini, r., 2005. Las sedimentitas que apoyan en no concordancia 
sobre el granito rojo en el Angosto de La Quesera (Cordillera 
Oriental, Salta): una revisión crítica a más de 60 años de 
los trabajos pioneros de J. Keidel. Revista de la Asociación 
Geológica Argentina, 60(3), 513-523.
Babcock, L.E., Feldmann, r.M., Wilson, M.T., Suárez-riglos, 
M., 1987. Devonian conulariids of Bolivia. National 
Geographic research, 3, 210-231.
Bagnoli, G., Barnes, C.R., Stevens, R.K., 1987. Lower Ordovician 
(Tremadocian) Conodonts from Broom Point and Green 
Point, Western Newfoundland. Bollettino d’ella Società 
Paleontologica Italiana, 25(2), 145-158.
Barnes, C.r., 1988. The proposed Cambrian-Ordovician global 
Boundary stratotype and point (GSSP) in Western Newfoundland, 
Canada. Geological Magazine, 125(4), 381-414.
Bassler, r.S., 1925. Classification and stratigraphy use of the Cono-
donts. Geological Society of America, 36(Bulletin), 218-220.
Beresi, M., Aceñolaza, G., Nieva, S., 2006. Cambrian-Ordovician 
sponges and spicule assemblages from Northwest Argentina: 
New data from siliciclastic platforms of western Gondwana. 
Neues Jahrbuch für Geologie und Paläontologie, MH 2006(7), 
403-420.
Chen, J.-Y., Gong, W.-L., 1986. Conodonts. In: Chen, J.-Y. (ed.). 
Contributions to Dayangcha International Conference on 
Cambrian-Ordovician Boundary. China Prospect Publishing 
house, 93-223.
Chen, J.-Y., Qian, Y.-Y., Zhang, J.-M., Lin, Y.-K., Yin, L.-M., 
Wang, Z.-Z, Yang, J.-D., Wang, Y.-X., 1988. The recommended 
Cambrian- Ordovician global Boundary stratotype of the 
Xiaoyangqiao section (Dayangcha, Jilin Province), China. 
Geological Magazine, 125, 414-444.
Cooper, B.J., Druce, E.C., 1975. Lower Ordovician sequence 
and Conodonts, Mount Patriarch, Northwest Nelson, New 
Zealand. New Zealand Journal of Geology and Geophysics, 
18(4), 551-582.
Druce, E.C., Jones, P.J., 1971. Cambro-Ordovician Conodonts from 
the Burke River structural belt Queensland. Bureau of Mineral 
resources, Geology and Geophysics, 110(Bulletin), 1-159.
Dubinina, S.V., 1991. Upper Cambrian and Lower Ordovician 
conodonts associations from open ocean paleoenvironments, 
illustrated by Batyrbay and Sarykum sections in Kazakhstan. 
In: Barnes, C.r., Williams, S.H. (eds.). Advances in 
Ordovician Geology. Geological Survey of Canada Paper, 
90(9), 107-124.
Dubinina, S.V., 2000. Conodonts and zonal stratigraphy of the 
Cambrian-Ordovician boundary deposits. russian Academy 
of Sciences, Transactions of Geological Institute, 517, 
1-239.
Dzik, J., 1994. Conodonts of the Mójcza Limestone. In: Dzik, J., 
Olempska, E., Pisera, A. (eds.). Ordovician carbonate platform 
ecosystem of the Holy Cross Mountains. Palaeontologia 
Polonica, 53, 43-128.
Epstein, A.G., Epstein, J.P., Harris, L., 1977. Conodont Alteration-
An Index to Organic Metamorphism. United States Geological 
Survey Professional Paper, 995, 1-27.
Ethington, r.L., Clark, D.L., 1964. Conodonts from El Paso 
Formation (Ordovician) of Texas and Arizona. Journal of 
Paleontology, 38(4), 685-704.
Ethington, R.L., Clark, D.L., 1981. Lower and Middle Ordovician 
Conodonts from the Ibex area Western Millard County, utah. 
Brigham Young university Geology Studies, 28(2), 1-159.
Furnish, W.M., 1938. Conodonts from the Prairie du Chien 
(Lower Ordovician) of the upper Mississippi Valley. Journal 
of Paleontology, 12(4), 318-340.
Harris, A.G., repetski, J.E., Stamm, N.r., Weary, D.J., 1995. 
Conodonts age and CAI data from New Jersey. united States 
Departament of the Interior and United Stated Geological 
Survey, Open files report, 95(557), 1-31. 
Heredia, S., 1994. Conodontes y Bioestratigrafía del Cámbrico 
Superior del Cerro Pelado y San Isidro, Provincia de Mendoza, 
Argentina. Doctoral Thesis. Córdoba, universidad Nacional 
de Córdoba, unpublished, 284pp.
Heredia, S., 1995. Conodontes Cámbricos y Ordovícicos en los 
bloques alóctonos del conglomerado basal de la Formación 
Empozada, Ordovícico Medio-Superior, San Isidro, 
Precordillera de Mendoza, Argentina. Boletín Academia 
Nacional Ciencias de Córdoba, 60(3-4), 235-247.
Heredia, S., 1999. Los Paraconodontes del Cámbrico Superior 
del Cerro Pelado, Precordillera de Mendoza, Argentina. 
Ameghiniana (Revista de la Asociación Paleontológica 
Argentina, 36(3), 345-358.
Heredia, S., Hünicken, M., 1995. Euconodontes del Cámbrico 
Superior en la Precordillera de Mendoza, Argentina. LACON 
I, Latin American Conodont Symposium I, 1990. Boletín de la 
Academia Nacional de Ciencias de Córdoba, 60(3-4), 225-234.
Hongn, F., Turbia, J.M, Aranguren, A., Mon, R., Bataglia, R., 
2001a. El Batolito de Tastil (Salta, Argentina): un caso de 
magnetismo poliorogénico en el basamento andino. Boletín 
Geológico y Minero, 112(3), 113-124.
Hongn, F., Turbia, J.M., Aranguren, A., Mon, R., Bataglia, 
R., 2001b. Intrusión del granito rojo de Tastil en areniscas 
eopaleozoicas en el Angosto de La Quesera, Cordillera 
Oriental, Salta. Revista de la Asociación Geológica Argentina, 
56(2), 249-252.
Hongn, F., Turbia, J.M., Aranguren, A., Mon, R., Bataglia, R., 
2003. The Tastil Batholith (Cordillera Oriental, Argentina): A 
case of Early Cambrian extension-related magmatism in the 
border of Gondwana. 18 LAK. Terra Nostra, 2, 40.
Jeppsson, L., Fredholm, D., Mattiasson, B., 1985. Acetic acid and 
phosphatic fossils. Journal of Paleontology, 59(4), 952-956.
Ji, Z., Barnes, C.R., 1994. Lower Ordovician Conodonts of the St. 
George Group, Port au Port Peninsula, western Newfoundland, 
Canada. Palaentographica Canadiana, 11, 149pp.
Jones, P.J., 1971. Lower Ordovician conodonts from the 
Bonaparte Gulf Basin and the Daly river Basin, noth-
westerm Australia. Australia Boreau of Mineral Resources. 
Geology and Geophysics Bulletin, 177, 1-80.
Keidel, J., 1943. El Ordovícico Inferior de los Andes del Norte 
Argentino y sus depósitos marino-glaciales. Boletín de la 
Academia Nacional de Ciencias de Córdoba, 36(2), 140-229.
J .  C A R L O R O S I  e t  a l .
G e o l o g i c a  A c t a ,  9 ( 2 ) ,  1 8 7 - 1 9 7 ( 2 0 1 1 )
D O I :  1 0 . 1 3 4 4 / 1 0 5 . 0 0 0 0 0 1 6 9 1
Lower Ordovician Conodonts from the Devendeus Formation
196
Kilmurray, J.O., Igarzabal, A.P., 1971. Petrografía y rasgos 
geomórficos del batolito granítico de Santa rosa de Tastil, 
provincia de Salta, República Argentina. Revista de la 
Asociación Geológica Argentina, 25(4), 417-438.
Landing, E., Ludvigsen, R., von Bitter, P., 1980. Upper Cambrian 
to Lower Ordovician conodont biostratigraphy and biofacies, 
Rabbitkettle Formation, District of Mackenzie. Life Sciences 
Contributions royal Ontario Museum, 126, 1-42.
Landing, E., Barnes, C.r., Stevens, r.K., 1986. Tempo of earliest 
Ordovician graptolite faunal succession: conodont- based 
correlations from the Tremadocian of Quebec. Canadian 
Journal of Earth Sciences, 23, 1928-1949.
Lee, H.Y., 1975. Conodonten aus dem unteren und Mittleren 
Ordovizium von Norkorea. Palaeontographica, abstract A, 
159(4-6), 161-186.
Lee, B-S., 1987. Conodont bioestratigraphy of the upper 
Cambrian Hwajeol Formation in the Baegunsan Syncline 
area, South Korea. Physical Doctoral Thesis. Seoul, Yonsei 
university, Department of Geology, 176pp.
Leme, J.M., Heredia, S., Rodrigues, S.C., Simoes, M.G., 
Aceñolaza, G.F., Milana, J.P., 2003. Teresconularia gen. nov. 
from the Lower Ordovician of the Cordillera Oriental of Salta 
(NW Argentina): The oldest conulariid (Cnidaria) from South 
America. revista Española de Micropaleontología, 35(3), 
265-273.
Lindström, M., 1955. Conodonts from the lowermost Ordovician 
Strata of Southcentral Sweden. Geologiska Föreningens i 
Stockholm Förhandlingar, 76(4), 517-604.
Lindström, M., 1970. A suprageneric taxonomy of the Conodonts. 
Lethaia, 3(4), 427-445.
Lindström, M., 1971. Lower Ordovician conodonts of Europe. 
Geological Society of America Memoir, 127, 21-61.
Löfgren, A., 1996. Lower Ordovician conodonts, reworking, and 
biostratigraphy of the Orreholmen quarry, vastergötland, 
south-central Sweden. Geologiska Föreningens i Stockholm 
Förhandlingar, 118, 169-183.
Méndez-Alzola, r., Sprechmann, P.G., 1973. Fauna del Devónico 
Temprano del Uruguay, II: Sobre representantes de Conularia 
y Mesoconularia (conulariidae, Conulariinae). Revista de 
Biología de Uruguay, 1(2), 129-138.
Miller, J., 1980.Taxonomic revisions of some Upper Cambrian 
and Lower Ordovician Conodonts with comments on 
their evolution. University of Kansas, Paleontological 
Contributions, 99, 1-39.
Moya, M.C., 1988. Lower Ordovician in the Southern Part of 
Argentine Eastern Cordillera. In: Bahlburg, H., Breitkreuz, 
Ch., Giese, P. (eds.). The Southern Central Andes. Lecture 
Notes in Earth Sciences, 17, 55-69.
Moya, M.C., 1999. El Ordovícico de los Andes del Norte 
Argentino. In: González Bonorino, G., Omarini, R., 
viramonte, J. (eds.). Geología del Noroeste Argentino. Salta, 
Relatorio XIV Congreso Geológico Argentino, 1, 134-152.
Moya, M.C, Albanesi, G.L. 2000. New stratigraphic section 
to define the Cambrian-Ordovician boundary in Eastern 
Cordillera, northwest Argentina. In: Aceñolaza, G.F., Peralta, 
S. (eds.). Cambrian from the southern edge. Instituto Superior 
de Correlación Geológica, Miscelánea, 6, 114-116. 
Moya, M.C., Malanca, S., Monteros, J.A., Cuerda, A., 1994. 
Bioestratigrafía del Ordovícico Inferior en la Cordillera 
Oriental argentina basada en graptolites. Revista Española de 
Paleontología, 9(1), 91-104.
Moya, M.C., Monteros, J.A., Malanca, S., Ortega, G., Albanesi, G.L., 
2003. Quebrada del Toro and Angosto de La Quesera, Eastern 
Cordillera, Salta Province. Ordovician and Silurian of de Cordillera 
Oriental and Sierras Subandinas, NW Argentina. Instituto Superior 
de Correlación Geológica, Miscelánea, 11, 47-49.
Müller, K.J., 1959. Kambrische Conodonten. Zeitschift der 
deutschen Geologischen Gesellschaft, 111, 434-485.
Müller, K.J., 1962. Supplement to systematics of Conodonts. In: 
Moore, r.C. (ed.). Treatise on Invertebrate Paleontology W 
(Miscellanea). Geological Society of America and University 
of Kansas Press, W246-W249.
Müller, K.J., 1971. Cambrian conodont faunas. In: Sweet, W.C., 
Bergström, S.M. (eds.). Symposium on Conodont Biostratigraphy. 
Geological Society of America Memoir, 127, 5-20.
Müller, K.J., 1973. Late Cambrian and Early Ordovician Conodonts 
from Iran. Geological Survey of Iran Reports, 30, 1-77.
Müller, K.J., Hinz, I., 1991. Upper Conodonts from Sweden. 
Fossils and Strata, 28, 1-153.
Nicoll, r.S., 1990. The Genus Cordylodus and a latest Cambrian- 
earliest Ordovician conodont biostratigraphy. Journal of 
Australian Geology and Geophisics, 11, 529-558. 
Nicoll, r.S., 1994. Seximembrate apparatus structure of the Late 
Cambrian coniform conodont Teridontus nakamurai from the 
Chatsworth Limestones, Georgina Basin, Queensland: BMR. 
Journal of Australia Geology and Geophysics, 15(3), 367-379.
Nogami, Y., 1966. Kambrische Conodonten von China. Teil 
1. Conodonten aus den hoch oberkambrischen Yencho-
Schichten. Kyoto University, College Sciences, Serie B, 
32(Memoir), 211-219.
Nogami, Y., 1967. Kambrische Conodonten von China. Teil 2. 
Conodonten aus den hoch oberkambrischen Yencho-Schichten. 
Kyoto university, College Sciences, Serie B, 33(Memoir), 11-219.
Orndorff, R.C., 1988. Latest Cambrian and Earliest Ordovician 
conodont from the Conococheague and Stonehenge 
limestones of northwestern Virginia. Bulletin of the United 
Stated Geological Survey, 1837-A, 1-18.
Orndorff, R.C., Taylor, J.F., Traut, R.W., 1988. Uppermost 
Cambrian and lowest Ordovician conodont and trilobite 
biostratigraphy in northwestern Virginia. Virginia Minerals, 
34, 13-20.
Ortega, G., Albanesi, G.L., 2005. Tremadocian Graptolite-
Conodont Bioestratigraphy of the South American Gondwana 
margin (Eastern Cordillera, NW Argentina). Geológica Acta, 
3(4), 355-371.
Pander, C.H., 1856. Monographie der fossilen Fische des 
Silurischen Systems der russich-Baltischen Gouvernements. 
St.Petersburg, Akademie der Wissenschaffeten, 91pp.
Pinilla, K., Sabattini, N., Tortello, M.F., Aceñolaza, G.F., 2007. 
Una nueva especie de Bellerophontido (Gastropoda) del 
G e o l o g i c a  A c t a ,  9 ( 2 ) ,  1 8 7 - 1 9 7 ( 2 0 1 1 )
D O I :  1 0 . 1 3 4 4 / 1 0 5 . 0 0 0 0 0 1 6 9 1
J .  C A R L O R O S I  e t  a l . Lower Ordovician Conodonts from the Devendeus Formation
197
Cámbrico Tardío en el Angosto de La Quesera, Provincia de 
Salta. Corrientes, Reunión Anual de Comunicaciones de la 
Asociación Paleontológica Argentina, Ameghiniana, 44(4), 
Resumenes 99R.
Pinilla, K., Sabattini, N., Tortello, M.F., Aceñolaza, G.F., 
2008. A new species of Strepsodiscus Knight (Gastropoda, 
Bellerophontoidea) from the Upper Cambrian of 
Argentina. Neues Jahrbuch für Geologie und Paläontologie 
Abhandlungen, 248(2), 217-223.
Ramos, V.A., 1973. Estructura de los primeros contrafuertes de la 
Puna salto-jujeña y sus manifestaciones volcánicas asociadas. 
villa Carlos Paz, 5º Congreso Geológico Argentino, 4(Actas), 
159-202.
rao, r.I., 1999. Los Conodontes Cambro-Ordovicicos de la 
Sierra de Cajas y del Espinazo del Diablo, Cordillera Oriental, 
Republica Argentina. Bioestratigrafía y tafonomía. Revista 
Española de Micropaleontologia, 31(1), 23-51.
rao, r.I., Hünicken, M.A., 1995a. Conodont biostratigraphy 
of the Cambrian-Ordovician boundary in the northwestern 
of Argentina. In: Cooper, J.D., Droser, M.L., Finney, S.C. 
(eds.). Ordovician Odyssey. Fullerton (Las Vegas), Seventh 
International Symposium on the Ordovician System, Short 
Paper, 125-128.
rao, r.I., Hünicken, M.A., 1995b. Conodontes del Cámbrico 
Superior-Ordovícico Inferior en el área de Purmamarca, 
Cordillera Oriental, Provincia de Jujuy, República Argentina. 
Boletín de la Academia Nacional de Ciencias de Córdoba, 
60(3-4), 249-266.
Rao, R.I., Hünicken. M., Ortega, G., 1994. Conodontes y graptolitos 
del Ordovícico Inferior (Tremadociano-Arenigiano) en el 
área de Purmamarca, provincia de Jujuy, Argentina. Anais de 
la Academia Brasileira de Ciencias, 66(1), 1-25.
Repetski, J.E., 1982. Conodonts from El Paso Group (Lower 
Ordovician) of westernmost Texas and southern New Mexico. 
New Mexico Bureau of Mines and Mineral Resources 
Memoir, 40, 1-121.
Robison, R.A. (ed.), 1981. Treatise on Invertebrate Paleontology. 
Boulder and Lawrence, The Geological Society of America 
and the university of Kansas, Conodonta, Part W, Miscellanea, 
2(supplement), W1-W202.
robison, r.A., Pantoja-Alor, J., 1968. Tremadocian trilobite 
from the Nochixtlán region, Oaxaca, México. Journal of 
Paleontology, 42, 767-800.
Scotese, C.r., McKerrow, W.S., 1990. revised world map and 
introduction. In: McKerrow, W.S., Scotese, C.r. (eds.). 
Palaeozoic Palaeogeography and biogeography. Geological 
Society Memoir, 12, 1-21.
Serpagli, E., Ferretti, A., Nicoll, r.S., Serventi, P., 2008. 
The Conodont Genus Teridontus (Miller, 1980) from the 
Early Ordovician of Montagne Noire, France. Journal of 
Paleontology, 82(3), 612-620.
Simoes, M.G., Mello, L.H.C., Rodrigues, S.C., Leme, J.C., 
Marques, A.C., 2000. Conulariid taphonomy as a tool in 
paleoenviromental analysis. Revista Brasileira de Geociencias, 
30(4), 757-762.
Simoes, M.G., Aceñolaza, G.F., 2009. Hyolith-dominated shell 
beds from the Lampazar Formation in NW Argentina: patterns 
and processes of origin in the Late Cambrian (Furongian) 
seas of western Gondwana. Memoirs of the Association of 
Australasian Palaeontologists, 37, 453-462.
Stone, J., 1987. Review of investigative techniques used in the 
estudy of conodonts. In: Austin, R.L. (ed.). Conodonts: 
Investigative Techniques and Aplications. Chichester, Ellis 
Horwood Limited, 17-34.
Sweet, W.C., 1988. The Conodonta: Morphology, taxonomy, 
paleoecology, and evolutionary history of a long-extinct 
animal phylum. Oxford, Oxford University Press, 212pp.
Zeballos, F., Albanesi, G.L., Ortega, G., 2005a. Conodontes 
y Graptolitos de las formaciones Alfarcito y Rupasca 
(Tremadociano) en el área de Alfarcito, Tilcara, Cordillera 
Oriental de Jujuy, Argentina. Parte 1: Bioestratigrafía. 
Ameghiniana, 42(1), 39-46.
Zeballos, F., Albanesi, G.L., Ortega, G., 2005b. Conodontes 
y Graptolitos de las formaciones Alfarcito y Rupasca 
(Tremadociano) en el área de Alfarcito, Tilcara, Cordillera 
Oriental de Jujuy, Argentina. Parte 2: Paleontología 
sistemática. Ameghiniana, 42(1), 47-66.
Zhen, Y.Y., Percival, I.G., 2003. Ordovician conodont 
biogeography-reconsidered. Lethaia, 36, 357-370. 
Manuscript received July 2009;
revision accepted September 2010;
published Online May 2011.

